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Fig.1 Images of EF samples at different sputtering power
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a. sketch of EFl component structure

b. images of the integrating EFl samples
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Fig.2 Sketch of EFI component structure and images of EFI

samples
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Fig.3 Schematic diagram of the electrical explosion performance measurement system
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Fig. 4 Schematic diagram of flyer velocity test system

1—trigger power supply, 2—high-voltage DC power supply, 3—high-voltage digital meter, 4—pulse power source, 5—
high-voltage pulse capacitor, 6—high-voltage switch, 7—test sample, 8—fixture, 9—slide; 10—fiber probe, 11—PDV, 12—

digital oscilloscope, a—electrode plug, b—Cu EF, c—polyimide flyer, d—chamber, e—flyer velocity test fixture cavity
o X
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Fig.5 Schematic diagram of EFI firing performance test
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Fig.6 SEM images of EF (MAG=10.00 kx) and AFM images of EF samples
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Fig.7 XRD spectrum of EF samples

UCOF (e 2k, m] LAk A5 46 @ A 0 48 1 s i P g
Z: 4 (W AF F O T, W R 30 O I o, BB K I TD 6, (R R
HL R U, KR HLIL 1) o P25 R HR HRL O e 1C o) I L 1Y
Xof I et B e R P VAT 1, XoF I 18 R[] Ay e PR A IS T
L T 2 (o) WA 1 X5 N7 A oA 4 Jas A7 T ) P AR 1 B
20 by g e B[] ¢, 32 50K 7 R PR AL U, o 48 R LR X
INF FP)EEL AL M 8 R FLE o A R P S AR )
DXCF KB R HEL AL B p, R R LU (E D) AL P, 4 B T T
TEHEEME S B P DU R i E(m)) , Re i FIHACE 7,
UEE (L L 3k 15T ) 5 0% A s ) () I 22 At 3 8 == (1)
~(6) Cudfh s S FE M an 1l 8 T 7 , 3 Bl RE & 72
FEHL L IR Ugy 43991 4 1300, 1500, 1800, 2000,2200 V
H AR I R s AR 1 s .

— Ib
Py = hxwxd (1)
P, =U, X1, (2)
E=[ vwrrwde= [ P (3)
0 0
1 2
Ein ZECUSB (4)
T
n Ein (5)
At=1t —t, (6)

L (1) ~(6) 1, p, K& ML L, MA-cm™ 51,0
PR, Ash, w, d 53 512 Cu fE K 58 FEFE 43
0.5 mm,0.5 mm Fl 4 wm; PR & S )5
MW ; U, i 8 & H KV 5 1, R 88 R BT, KA E R DERR
MIRE =, m)s 6, o H R B, nss B, R A BB R, m); C
MR AR AR, N 0.22 wF; Uy, WA T
HLUE , Vsn N BER AT R, % s At W v 3 548 &
LIS [E] 22 L ns 5 ¢, R D L IAC R 8] s

MR FrR A6 A R 58 L FLFR T, 3H#FE Sl (9 B K
& U, VB FE U 1, R 2 R O 1, 1 R g R, LR 24

Chinese Journal of Energetic Materials, Vol.31, No.6, 2023 (568—576)

a. voltage andcurrent histories of Cu foil

during the electrical explosion process
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b. electrical explosion power-time
curve and energy area spectrum
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Fig.8 Cu foil electrical explosion performance curve

R Cufi AR H

Table 1 Electrical explosion parameters of Cu foil
U, L U 1 1 1, t
NI N s A A s
1# 41.7 33.7 1030 288 1020 860 241
1300 2# 36.3 28.1 1140 261 1130 940 236
3# 31.2 226 1190 260 1180 1020 246
1# 42.4 349 1240 269 1130 930 233
1500 2# 33.8 30.1 1360 252 1210 1190 226
3# 30.9 20.2 1400 241 1320 1340 230
1# 39.8 36.1 1530 237 1490 1410 226
1800 2# 36.1 28.9 1580 221 1620 1620 219
3# 30.5 21.3 1660 209 1710 1700 212
1# 44.1 30.6 1680 224 1640 1640 223
2000 2# 346 248 1780 210 1790 1780 207
3# 31.8 219 1830 209 1860 1860 214
1# 40.6 34.6 1790 221 1810 1800 229
2200 2# 36.1 27.4 1920 207 1930 1930 210
3# 329 21.8 2010 211 2020 2020 204

Note: R is resistance. L is inductance. U, is burst voltage. ¢, is burst time. [ is

peak current. [ is burst current. ¢, is peak current time.
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A7 B A ]2 AR A G

W FIR, Y Ul 8T 1800 VI, 3#FE & A 18 &
I ) 5 0 {1 P ) i B2 0T, 4R o ) R I T 4 T
BR8] 5 Bl Ugg AN W7 TH 5, 3 bR i 1) 8 i i) 1] 55 0
EEHEJLFE A X% 1 i g % B0 (1) ~(6) i
AT A5 2 3 AIRE i Y F R A i A B T R R fn 3k 2
Fi /s o FE 38 L HL TR Uy, 8 1300, 1500, 1800, 2000 V
12200 VB, 3#AE 5 1 BE & R A 3 L 280 5o i
16.4%,26.4%,21.2%,17.5%,15.5%, tt 1#FE & 5
43.6%,62.9%,69.1%,68.5%,64.1%., | ik 25 H ik
W1, Cu §A R 1 ffoRL DT B4 5 R B0k R /N B34 5
O R, A B A 1 R A L A R
ELBR /I | JH R O R 5 R 3
2.3 EFXHEE

T b A B3RP EF RS RIS 25 um (1)
R e € 44 EF SRR AL UEAT O s B I3t 83
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Fz2  Cuffi K Kol
Table 2 Calculated data on electrical explosion of Cu foil
Usg Py P, E E. At
% samples /MA-cm™ /MW /m)  /m) K /ns
1# 860 0.8858 0.06 32.1%  —47
1300 2# 940 1.0716 0.07 0.186 39.6% —25
3# 1020 1.2138 0.09 46.1% —14
1# 930 1.1532 0.09 36.7% =36
1500 2# 1190 1.6184 0.12 0.248 47.3% -26
3# 1340 1.876  0.15 59.8% -11
1# 1410 2.1573 0.14 39.2% -11
1800 2# 1620 2.5596 0.19 0.356 54.7% -2
3# 1700 2.822 0.24 66.3% 3
1# 1640 2.7552 0.18 40.6% -1
2000 2# 1780 3.1684 0.26 0.440 58.2% -3
3# 1860 3.4038 0.31 68.4% 5
1# 1800 3.222 0.23 43.2% 8
2200 2# 1930 3.7056 0.33 0.532 61.4% 3
3# 2020 4.0602 0.38 70.9% -7
Note: p, is burst current density. P, is Burst point peak power.E, is bridge foil

deposition energy. £ is input energy. 7 is energy efficiency. At is time

difference between peak current and burst current.
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Fig.9 Flyer velocity-time curves
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2.4 EFIEZNTERE

K FH 22 ST R4y BIXE 14 24 F0 3#EF 1 % 1Y EFI(A,
B,C) AT & SRS I, Bl an 2k 3 s .

W3R 3 T, R FHAS [R] Ty 28006 S5 09 14 . 24 11 3#EF
FE S, %0 ) 45 59 3 AP EFICA, B, C) Y 50% & K HLJE U
(50%) 739 4 1538,1493 VH1 1254 V, ki i 22 53 9
54,46 VHI39 V, 3#FE 5 1 50% & SO BE L 241
THEE SR BTG 19.1% M1 22.6% . & K PEREIR 46 45 R &
B, Cu B M TTRR B4 5], dlok ROST R/INVBR I 5, 350 1
AT, B B R K R R RRAIE, BRI
S5 5 bSO TR A SO0 35 1Y) EF R B it R R
AR R AL — B, X R T AE EFE R R L A
F, R 5 40 100 H R HE 55 B UK BE T DN G5 S IR R e
PR R s, R R i AR £ i EFI G & KRR
FE5 EF R LR KERE S R FH R C r U B R
P KE S RY EFIER M A0 18 11a, SR IR G X 59 28 4R 45 1Y

5:

R3O hili A A
Tab. 3 Firing sensitivity of the EFls

samples U(50%) / V standard deviation / V
A 1538 54
B 1493 46
C 1254 39

Note: U(50%)is the 50% ignition voltage sensitivity.

e © 20O
F o

a. residues of EF| after explosion

b. X-ray photographs during ignition process of the EFI sample

B 11 EFLR K5 R AE
Fig.11 Photoes of EFI firing test
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EFIVE L R anE 11b fiR .

M 1 1amT LA 1R S 09 EFLAE 72 i 24T BB
AR, 2 DAGE B 58 4k ok K R T EFLEE & K S
ot o B B 25 B 2 58 AR NE , SO BRI R Y S A0 A
FEOAWWIF B R AT . IWE 11b 1 EFLIE i3 2
LA H EFLTE & KCfR A 3 22 2 DRSS IS &0 7 S
RHETEAS VL Rk 24 e 408 ik B o

3 & it

SN il R R R R IR A A N |
Lift-Off Z] pft T. 25, 7E 150,450 W Fl 800 W Y 2 12 Tk
SR A T 3 Bl AN R AR AR SO0 E 39 Cu EF R
EF1, F FH SEM ,AFM Fll XRD R AE T EF {800 25 ¥4 FiT 20 A%,
B4, %t L LR R AR 6 R D R EF LI & ok e
17 TR AT, o LIS LR 258

(1) T 55 2 % 800 W I il 45 19 EF & kr R~ #i%
NS I 3 Eod BT VAT 2 o o S TR o e S ST
R R 2 TSP 35 KRS B fe K, 4390 58.6~80.2 nm
146.2 nm, & 1 H5E N 71135 mN,Cu(1 1 1) %
TET 118 477 S5 068 5 1 o

(2) 7 5F h %k 800 W I il 5 (19 EF Hf B {f A0 H
SR f /DS FLAR R R S R T 2 05 L TE R L R Uy A
1300, 1500, 1800,2000 V A1 2200 V I}, #1454 (1) BE
R T R I S 2 RO 450 WIS 16.4%, 26.4%,
21.2%,17.5%, 15.5%, tL ik 57 T % 150 W 19 &
43.6%,62.9%,69.1% ,68.5% ,64.1%.

(3)7E W 55t ) % 800 W I il 45 14 EF, HL 4 VB B
A KO A L 7E 1800 V/0.22 wF 5T RO
B vk 3269 mesT, BOA FI T RE B

(4) W 55 2y % 800 W il £ % i EFI Y 50% & 2k
HL R bR 1 22 A1, 43 51 o 1254 VORI 39V, EL I 5 2
R 450 W F1 150 W il £ (19 EFI 50% & K & % &
19.1% M122.6%.
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Effect of Micro Morphology and Crystal Structure of Copper Foil on the Performance of Exploding Foil

Initiator

HAN Ke-hua'?, ZENG Xin', ZHAO Wan-jun', CHU En-yi’, JIAO Qing-jie'
(1. State Key Laboratory of Explosion Science and Technology , Beijing Institute of Technology, Beijing 100081, China; 2. Science and Technology on Applied
Physical Chemistry Laboratory , Shaanxi Applied Physics and Chemistry Research Institute, Xi'an 710061, China)

Abstract: In order to explore the effect of microstructure and crystal organization of copper (Cu) foil on the performance of ex-
ploding foil initiator (EFI) , three Cu foils with different crystal morphologies were prepared through the closed-field
non-equilibrium magnetron sputtering ion plating technique and Lift-Off etching method under the sputtering power of 150, 450
W and 800 W. Experimental characterizations of the electrical explosion performance and flyer velocity of exploding foil (EF),
and the ignition performance of EFl were conducted subsequently. Average grain size of the samples fabricated at 150, 450 W
and 800 W are 19.6—36.7nm, 41.5-62.9 nm and 58.6—-80.2 nm, surface average roughness are in turn 6.7, 16.9 nm and
46.2 nm, and the adhesion force are 42.436, 55.569 mN, and 71.135 mN, respectively. Of which, the Cu foil prepared at 800
W exhibits the largest and the most uniform grain size, the densest and smoothest grain, the fewest grain boundaries, the largest
surface roughness and the strongest adhesion force. The corresponding EF has the smallest resistance and inductance, highest en-
ergy conversion efficiency and flyer velocity. The 50% firing sensitivity of the integrating EFI sputtered at 800 W are 19.1% and
22.6% higher than the samples sputtered at 450 W and 150 W, respectively.

Key words: exploding foil initiator; Cu foil;micro morphology;electrical explosion;flyer velocity;ignition performance
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